Introduction: There is growing evidence that genetic and environmental factors play an important role in the development and progression of non-alcoholic fatty liver disease (NAFLD). We investigated the association of single nucleotide polymorphism (SNP) rs738409 in PNPLA3 gene and TNF-α G238A polymorphism with the development and severity of NAFLD in an overweight and obese Egyptian population. Material and Methods: 100 overweight and obese patients with NAFLD and 30 control subjects were enrolled. All NAFLD patients underwent a confirmatory biopsy. Laboratory investigations included fasting plasma glucose, kidney and liver function tests, liver enzymes, lipid profile and hepatitis markers. Abdominal ultrasound was performed and all subjects were genotyped for (rs738409) PNPLA3 and (rs361525) TNF-α gene polymorphisms using polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP). Results: The homozygous GG genotype of the PNPLA3 was most frequent among patients with NASH (26%) as compared to borderline NASH (20.5%) and simple steatosis (20%). Higher serum levels of transaminases were observed in NAFLD patients and controls who were carriers of the G allele of rs738409, but this was not statistically significant. Regarding the TNF-α G238A SNP; the frequency of the A allele was significantly higher in NAFLD patients (20%) compared to controls (5%) (p value = 0.006). The highest TNF G allele frequency was observed in the NASH group (88%) and this was statistically significant (p value = 0.009). Conclusion: Our study confirmed the association of the PNPLA3 (rs738409) and TNF-α promoter region G238A polymorphisms with susceptibility to NAFLD and its progression. 
Introduction
NAFLD is increasingly recognized as the leading cause of chronic liver disease worldwide [1] . NAFLD encompasses a wide spectrum of varying liver histology ranging from simple steatosis to non-alcoholic steatohepatitis (NASH), often leading to fibrosis and eventually cirrhosis with a high risk of liver failure and hepatocellular carcinoma. There is growing evidence that genetic as well as environmental factors play an important role in the development and progression of NAFLD [2] - [4] . In recent years, genetic determinants of steatosis are being revealed using genome-wide association studies [5] [6] . These studies have identified patain-like phospholipase domain containing3 (PNPLA3) gene, also called adiponutrin, which encodes a 481 amino acid membrane protein localized in the endoplasmic reticulum and at the surface of lipid droplets [5] .
The first Genome-wide association (GWA) study identified the PNPLA3 gene polymorphism as a major genetic determinant for the predisposition to NAFLD in Hispanic, African American and European Americans populations according to liver fat content [5] , which was subsequently confirmed in Europeans and Asians according to liver biopsy. The association of PNPLA3 gene polymorphisms not only with fatty liver and triglyceride content, but also with histological severity of NAFLD was shown in subsequent studies [7] [8] .
The investigation of the potential role of tumor necrosis factor-α (TNF-α) and other pro-inflammatory cytokines in NASH was first enthused by the obvious similarity between NASH and the effect of these cytokines. The progression of NAFLD from simple steatosis to fibrosis is associated with a significant increase in TNF-α [9] [10] .
The TNF-α gene is polymorphic at different positions including-G308A and -G238A. TNF-α polymorphisms have been shown to be strongly associated with the risk of developing NAFLD especially in Chinese population and this was confirmed in a meta-analysis by Wang et al. [11] .
In the present study we investigated the association of the SNP rs738409 in the PNPLA3 gene and the TNF-α G238A polymorphism with the development and severity of NAFLD in overweight and obese Egyptian population.
Patients and Methods
A total of one hundred overweight and obese patients (94 females and 6 males) with NAFLD were enrolled in the study from December 2013 to November 2014. They were prospectively recruited from Gastroenterology and Hepatology outpatient clinic of Kasr El Ainy Hospital. Their age ranged from 29 -57 years. Thirty healthy, non-obese volunteers who were age-and sex-matched, were included as the control group (all of the control subjects were females). An informed consent was obtained from all participants prior to enrolment. The diagnosis of NAFLD was based on ultrasonographic finding of bright liver, which was defined and graded as: a diffuse hyperechoic echo texture (bright liver) (Grade 1); increased liver echo texture compared to the kidney (Grade 2); vascular blurring (Grade 3) and deep attenuation (Grade 4) [12] . A confirmatory liver biopsy was done after a written consent was obtained. The study was conducted with appropriate approval by the Ethics Committee of Cairo University (N-17-2014) in accordance with the ethical guidelines of the Declaration of Helsinki [13] .
Inclusion criteria for NAFLD patients were age above 18 years, overweight or BMI >25 kg/m 2 , and bright liver on abdominal ultrasound with or without elevated liver enzymes. Patients were excluded from the study if one of the following criteria were present: any liver disease other than NAFLD such as hepatitis B or C, autoimmune hepatitis, alpha one antitrypsin deficiency or Wilson's disease, alcohol consumption, history of drug intake (such as use of amiodarone, corticosteroids, tamoxifen, methotrexate, oral contraceptives), pregnancy, diabetes, hypertension, thyroid disease, malignancy and decompensated liver disease. Any subjects with evidence of local or systemic infection on physical examination were excluded from the study. In all controls, the absence of any current or past liver disease was established based on the presence of normal liver function tests and the presence of a normal abdominal ultrasound.
All subjects included in the study were subjected to detailed history taking, complete clinical examination including anthropometric evaluation (weight, height, waist circumference, and BMI was calculated). BMI between 25 -30 kg/m 2 (<30) and ≥30 kg/m 2 were defined as overweight and obesity respectively. Laboratory investigations included fasting plasma glucose, liver function tests, serum transaminases (ALT, AST), GGT, urea and creatinine, lipid profile, hepatitis markers including hepatitis B surface antigen and hepatitis C virus antibodies. All the patients as well as the controls were genotyped for Rs738409 PNPLA3 gene and Rs361525 TNF gene polymorphisms by polymerase chain reaction and restriction fragment length polymorphism (PCR/RFLP) using specific primer sequence and restriction enzyme.
Abdominal ultrasonography was performed for all subjects using a Toshiba Apilo XV scanner equipped with a broad band 3.5 MHz curved array probe to assess the presence of liver steatosis (bright liver) and by a single operator to avoid inter-observer variability. Patients were examined after at least 8 hours fasting and were examined in the supine, right and left lateral positions.
Liver biopsies were obtained from all patients with NAFLD (diagnosis based on the finding of bright liver on abdominal ultrasound) after a written consent, using an automated gun device and under complete aseptic precautions. The histological features of the biopsies were graded according to the NAFLD scoring system proposed by the National Institute of Diabetes and Digestive and Kidney Diseases NASH Clinical Research Network and reported as NAFLD activity score (NAS) [14] .
Total NAS score represents the sum of scores for steatosis (0 -3), lobular inflammation (0 -3), and ballooning (0 -2), and ranges from 0 -8. Diagnosis of NAFLD was made first, then NAS was used to grade activity. In patients with NAFLD, NAS score of ≥5 strongly correlated with a diagnosis of "definite NASH", 3 or 4 correlated with ''borderline NASH'', whereas NAS ≤2 correlated with a diagnosis of "not NASH" [14] . The stage of fibrosis was assessed separately from NAS using a four-point scale: 0 = no fibrosis; 1 = mild/moderate zone 3 perisinusoidal fibrosis or portal/periportal fibrosis only; 2 = perisinusoidal and portal/periportal fibrosis; 3 = bridging fibrosis and 4 = cirrhosis. Significant fibrosis was defined as fibrosis grade ≥2 [15] .
DNA Preparation and Genetic Analysis
The genomic DNA was extracted from whole blood samples using a Qiagen amp DNA mini kit (USA) extraction kit, according to manufacturer instruction. The purity and concentration of DNA was determined using spectrophotometry, quality of DNA was also determined on 0.8% agarose gel electrophoresis and DNA was stored at −20˚C until further analyses.
Amplification was carried out in a final volume of 50 μL reaction containing 100 ng genomic DNA, 200 mM each dNTP, 1 mM MgCl, 10 mM tris-HCl (pH 8.3), 50 mM KCl, 0.1% Triton X-100, 1.5 units of Taq DNA polymerase (MBI fermentas, Canada), and 1 mM of each of the primers with the following sequence:
Rs361525 TNF with Forward Primer: 5'-AGAAGACCCCCCTCGGAACC-3' and Reverse Primer: 5'-ATCTGGAGGAAGCGGTAGTG-3' [16] and Rs738409 PNPLA3 gene with Forward primer: 5'-TGGGCCTGAAGTCCGAGGGT-3' and Reverse primer: 5'-CCGACACCAGTGCCCTGCAG-3' [17] .
The PCR conditions were as follows: 95˚C for 5 min, and then 37 cycles of 94˚C for 30 sec, 66˚C for 30 sec, and 72˚C for 40 sec and a final extension step of 72˚C for 5 minutes. Then PCR products were digested overnight at 65˚C with Taq1 restriction enzyme and BstF5 I (Fermentas, Canada) for PNPLA3 and TNF alpha respectively. Digested PCR products were subjected to horizontal electrophoresis in 1.5% ethidium bromidestained agarose gels in 1X TBE buffer at 120 V for 1 hr and were visualized using WiseDoc WGD-30 (DAI-HAN, Korea).
Statistical Methods
Data were coded and entered using the statistical package SPSS version 21. Data was summarized using mean, standard deviation, median, minimum and maximum for quantitative variables and frequencies (number of cases) and relative frequencies (percentages) for categorical variables. Comparison of quantitative variables was done using the nonparametric Kruskal-Wallis when comparing more than 2 groups and using the nonparametric Mann-Whitney U test when comparing 2 groups. For comparing categorical data, Chi square (χ 2 ) test was performed. Exact test was used instead when the expected frequency was less than 5. Genotype frequencies were compared between the different study groups using chi-square tests. Odds ratio (OR) with 95% confidence intervals was calculated. P value < 0.05 was taken as statistically significant [18] [19].
Results
The demographic, anthropometric and laboratory data of NAFLD patients and their age-and sex-matched controls are shown in Table 1 . NAFLD patients showed a statistically significant higher BMI, waist circumference, serum levels of AST and ALT, fasting blood glucose, serum levels of triglycerides, total cholesterol, HDL-C and LDL-C. According to the results of liver biopsy, the NAFLD group was divided into three subgroups by the NAS score: Group 1 (Not NASH or Simple Steatosis); included 10 patients (10%) (9 females and 1 male) with mean age 45.50 ± 4.58 years, Group 2 (Borderline NASH); included 44 patients (44%) (42 females and 2 males) with mean age 43.09 ± 7.89 years, Group 3 (NASH) (3 of them had fibrosis); included 46 patients (46%) (43 females and 3 males) with a mean age 44.07 ± 7.07 years. Comparison of clinical and laboratory characteristics of the three NAFLD subgroups ( Table 2 ), revealed that the Simple Steatosis group showed a statistically significant lower mean ALT level (p value = 0.025) as compared to the borderline NASH and NASH groups. We observed a highly statistical significant correlation between the grades of NAFLD activity assessed by NAS scoring of liver biopsy specimens and the grades of severity of steatosis by abdominal ultrasound or by liver biopsy with p values < 0.001. Most of the patients with simple steatosis (Not NASH) showed grade 1 steatosis (60%) by abdominal ultrasound while a majority of patients with NASH (47.8%) showed grade 3 steatosis and 6.5% showed fibrofatty changes. The grades of steatosis by abdominal ultrasound showed a highly significant correlation with the grades of steatosis by liver biopsy (p value < 0.001). Table 3 shows the distribution of PNPLA3 genotypes (CC, GG, GC) and TNF genotypes (AA, GA, GG) in NAFLD patients and controls (Figure 1, Figure 2) . There was an increased frequency of the PNPLA3 high risk G-allele in patients with NAFLD as compared to the controls but these differences were not significant with OR for PNPLA3 C allele versus G allele = 0.835 (95% CI (0.468 -1.490); p value = 0.541). The frequency of the TNF A allele was significantly higher in NAFLD patients (20%) than in controls (5%) with OR for the TNF G allele versus A allele = 4.750 (95% CI = 1.414 -15.954); p value = 0.006).
We divided the NAFLD group into the simple steatosis, borderline NASH and NASH groups and performed case-control association studies of the PNPLA3 rs738409 SNP and TNF G238A SNP polymorphisms. There was an increased frequency of the PNPLA3 GG genotype in the NASH group (26.1%) as compared to borderline NASH and simple steatosis groups (20.5% and 20% respectively) (Table 4, Figure 3) . The PNPLA3 highrisk G allele frequency was highest in the NASH group (51.1%) as compared to simple steatosis and borderline NASH groups (50% and 47.7% respectively) but these differences were not statistically significant ( Table 4) . We also observed an increased frequency of the TNF GG genotype in the NASH group (76.1%) as compared to borderline NASH and simple steatosis groups (56.8% and 50% respectively) and these differences were statistically significant(p = 0.043) (Table 5, Figure 4) . When comparing the TNF-238 allele frequency among the NAFLD subgroups (Table 5) , the highest frequency of the G allele was observed in the NASH group (88%) and the highest frequency of the A allele was observed in the patients with borderline NASH (27.3%) and this was statistically significant (p value = 0.009). Comparison of various quantitative phenotypes (clinical and laboratory parameters) among the different genotypes at rs738409 in PNPLA3 in patients with NAFLD and control subjects showed that the age was significantly higher in NAFLD patients harbouring the risk allele (G-allele) (p value = 0.03). No significant differences in serum levels of AST, ALT, fasting plasma glucose, triglycerides, were observed between patients with NAFLD harbouring the risk allele (G-allele) and those with the homozygous CC genotype. Serum levels of ALT and AST were higher in the control subjects harbouring the risk allele, but these differences were also not significant.
Association of various quantitative phenotypes with the TNF G238A SNP in patients with NAFLD and controls showed that the serum ALT and AST levels were non-significantly higher in patients with NAFLD harbouring the TNF-238 G allele. The serum triglycerides, total cholesterol and LDL-C levels were also higher in NAFLD patients with the G allele, but these differences were also not significant. The serum alkaline phosphatase levels were significantly higher among the control subjects heterozygous for the TNF-238 G allele compared to the homozygous with p value = 0.027, however no other significant differences were observed.
Discussion
NAFLD is now considered the leading cause of liver disease worldwide, affecting up to 20% -35% of the general population and is increasingly recognized as a major health concern [20] [21] . In recent years there has been increasing evidence that genetic [5] [22] as well as environmental factors are implicated in the progression of NAFLD [23] .
In the present study we evaluated the clinical and metabolic parameters, the liver histology, and the presence of polymorphisms in the PNPLA3 gene and the TNF-α promoter region (G-238A) in NAFLD patients and controls. We also investigated the association of these polymorphisms with the progression of NAFLD and their influence on plasma levels of liver enzymes. Though previous studies have concluded that NAFLD and its complications are more prevalent in women [24] [25], two Indian studies have reported an increased prevalence of NAFLD amongst males [26] [27] . In the current study, 94% of the studied patients with NAFLD were females and only 6% were males and so we could not predict any significant gender differences in the prevalence of NAFLD due to the unequal distribution.
The BMI and the waist circumference were found to be significantly higher in NAFLD patients compared to the controls with p value < 0.001. Moreover, the BMI was found to be the lowest in patients with simple steatosis (33.31 ± 2.71 kg/m 2 ) and the highest in patients with NASH (35.33 ± 3.76 kg/m 2 ) but these differences in the BMI amongst the different NAFLD subgroups did not reach statistical significance. This agrees with Dixon et al. who found that NAFLD had complicated 94% of cases with BMI above 35 kg/m 2 [28] and also agrees with the study by Marchesini et al. which confirmed that the presence of metabolic syndrome carried a high risk of NASH among NAFLD subjects [29] . Although a study by Harnois et al. concluded that BMI was the only predictive factor for NASH [30] , other studies reported that NAFLD can occur in non obese subjects who are physically inactive [31] .
The present study confirmed the finding of an association of the PNPLA3 rs738409 G allele with the susceptibility to NAFLD and its progression. This is in accordance with the results of many trials which showed an association between the rs738409 polymorphism and the risk of NAFLD [32] - [34] . The exact mechanisms by which the I148M polymorphism increases the susceptibility to NAFLD and its influence on the histological severity of NAFLD still remains to be fully elucidated [35] . The homozygous GG genotype was most frequent among the patients with NASH (26%) when compared to subjects with borderline NASH (20.5%) and those with simple steatosis (20%). This was concordant to the results of the meta-analysis by Sookoian and Pirola which showed that the rs738409 exerts a strong influence on the susceptibility to a more aggressive disease with greater hepatic injury, as the GG homozygous subjects had a 3.24-fold more risk of higher necro-inflammatory scores when compared with those who had the CC genotype [8] . Also a meta-analysis by Xu et al. reported that the rs738409 polymorphism was more likely to increase the risk of NASH instead of simple steatosis [35] . Zain and Mohamed, demonstrated a significant association between the GG genotype and the fibrosis stage (p = 0.038); patients with GG genotype had a greater mean score of 2.03 compared to those with the CC genotype who had a mean score of 1.52. This association between the risk allele G of the rs738409 and the fibrosis stage, however, could not be assessed in the present study because only 3 patients with NASH had fibrosis [36] .
The results of the present study indicated that carriers of the G allele had higher serum levels of transaminases (ALT and AST) and this was observed in the NAFLD patients and control subjects, although this did not reach statistical significance. There have been conflicting reports on the association of the G-allele of rs738409 with the serum transaminases in several studies [5] [7] [37] [38] . In Finnish population with NAFLD, the G allele was found to be significantly associated with increased AST levels, however in Hispanics [5] and in an Italian population [32] , it was associated with increased serum ALT levels only. Increased serum levels of both ALT and AST were observed in various populations including the Argentinian [7] , Italian [39] , Japanese [37] and the Taiwanese [38] . Many factors such as ethnicity, the age group, presence of obesity and/or diabetes could have attributed to the differences in these findings in the various studies. On the contrary, the rs738409 variant was not found to be associated with increased liver enzyme levels (particularly ALT) in various studies conducted on paediatric patients with NAFLD, proven by liver biopsy [40] .
In the present study, no significant association between the G allele of rs738409 and the serum triglycerides levels was observed; NAFLD patients harbouring the G allele showed higher level triglycerides as compared to those with the CC genotype, however, decreased serum triglycerides level was observed in the control subjects with GG genotype. This finding does not agree with the findings of Speliotes et al. and Hotta et al. who reported that the G allele of the rs738409 was significantly associated with decreased triglycerides levels in NAFLD patients but not in the control subjects and that this may be explained by decreased production of triglycerides due to the severity of NASH fibrosis [37] [41] . Moreover, in a study by Zain and Mohammed, the triglycerides levels and the G allele frequency were found to be higher in NASH patients without significant fibrosis compared to NASH patients with significant fibrosis [36] . The variation in our study can thus be explained by the fact that only 3 out of 46 patients with NASH had significant fibrosis and therefore strongly supports the suggestion by Jou et al. that the triglycerides level drops with the extent of hepatocellular injury [42] .
There have been many conflicting reports on the frequency of G238A and G308A polymorphisms in patients with NASH and controls. Valenti et al. reported a high frequency of G-238A but not of the G-308A TNF-α polymorphisms in Italian patients with NAFLD [43] . On the other hand, Tokushige et al. reported that there were no significant differences in the genotype frequency of any of the five studied TNF-α polymorphisms in Japanese patients with NAFLD as compared to healthy volunteers [44] .
To the best of our knowledge, this study is the first to evaluate the presence of polymorphisms in the TNF alpha promoter region at position-238 in Egyptian patients with NAFLD. There was a significant difference in the allele frequency between NAFLD patients and controls for this locus; the frequency of the A allele was higher in patients with NAFLD (20%) compared to the controls (5%) with p value = 0.006. A study by Yang et al. conducted on paediatric population with NAFLD also confirmed our finding of a higher frequency of the TNF-238 A allele among NAFLD patients as compared to the control subjects, although this difference was not statistically significant [45] . In contrast, Chowdhury et al. did not find any difference in the allele frequency of the TNF α-promoter region at position-238 between patients with NAFLD and the control subjects [46] . When analyzing the NAFLD subgroups, we observed an increased frequency of the TNF GG genotype in the NASH group (76.1%) as compared to borderline NASH and simple steatosis groups (56.8% and 50% respectively) but these differences were not statistically significant. When comparing the TNF G allele frequency among the NAFLD subgroups, the highest frequency was observed in the NASH group (88%) and this was statistically significant with a p value = 0.009.
We observed an increased frequency of the TNF GA genotype in NASH patients as compared to controls (23.9% vs 10%) but these differences were not significant with p value = 0.126 for the GA versus the GG genotypes. Our results agree with the results of Trujillo-Murillo et al., who reported that the frequency of the -238 TNF-α polymorphism was significantly higher in NASH patients than in controls (29% vs 12%; p value = 0.0047) [47] . The study by Valenti et al. also found a higher frequency of -238 polymorphisms but not of the -308 TNF polymorphisms in Italian patients with NAFLD [43] . However, a Japanese study by Tokushige et al. did not find any significant differences in the frequency of the -238 TNF-α polymorphisms among NAFLD patients and controls [44] . Although it still remains unclear whether the TNF-α promoter region polymorphisms affect the development of NAFLD, our results suggest that the TNF alpha G238A polymorphism could be associated with NASH.
When analyzing the association of TNF alpha G238A polymorphism with the clinical and laboratory parameters, NAFLD patients with TNF-238 GA genotype showed higher serum triglycerides levels than those with the GG genotype but this did not reach statistical significance. This is in accordance with the study by Cheng et al. conducted to evaluate the association of TNF-α polymorphisms with the risk of developing coronary artery disease (CAD) in NAFLD patients, which also reported that NAFLD patients without CAD who were carriers of the GA genotype had higher serum triglycerides levels compared to those with the GG genotype (p = 0.017) [48] .
Finally, the present study had several points of strength; first the progression from simple steatosis to NASH did not take a long time duration as was assumed before (age of all patients was almost the same) so it must be searched for in the middle-aged group. Second, this study suggests that genetic variations between individuals can be a strong predictor of disease progression and lastly NASH is a cornerstone of the metabolic syndrome. Some of the limitations of the current study were the predominance of the female gender in the studied groups; unequal distribution of patients in NAFLD subgroups and some statistical obstacles.
